A new, simple, sensitive, precise and robust high-performance thin layer chromatographic (HPTLC) method was developed for the estimation of andrographolide in herbal extracts and pharmaceutical dosage forms. Analysis of andrographolide was performed on TLC aluminium plates pre-coated with silica gel 60F-254 as stationary phase. Linear ascending development was carried out in twin trough glass chamber saturated with chloroform:toluene:methanol (66:26:8, v/v/v) at room temperature (25 ± 2°C). The R f value of andrographolide was found to be 0.49. Camag TLC scanner III was used for spectrodensitometric scanning and analysis in absorbance mode at 229 nm. The system was found to give compact spots for andrographolide (R f value of 0.49). The data for calibration plots showed good linear relationship with r 2 = 0.9986 in the concentration range of 200 ng to 1000 ng with respect to peak area. The present method was validated by precision, recovery, robustness and reproducibility according to ICH guidelines. The limits of detection and quantification were determined and it was found to be 3.5 and 11.7 ng, respectively. Statistical analysis of the data showed that the method is reproducible and selective for estimation of andrographolide.
Introduction
Andrographis paniculata (Burm. f.) Nees (family: Acanthaceae) is a traditional remedy for fever, and for treatment of infectious fever-causing diseases. This plant material is used to treat cold, hypertension, diabetes, cancer; malaria, anti-viral and snake bite (Dua et al., 2004; Kumar et al., 2004; Zhang and Tanm, 2000; Rajagopal et al., 2003; Calabrese et al., 2000) . The active components of A. paniculata are very bitter diterpene lactones known as andrographolides (AP) found in the aerial parts of the plant. Andrographolides is colourless and crystalline diterpene lactone (Fig. 1) . Zhao et al. (2002) and Shah et al. (2007) compared HPLC and spectrophotometric methods for determination of AP in A. paniculata, in their report the HPLC method was more sensitive than the spectrophotometric method. Other methods reported on the analyses of AP include microemulsin electrokinetic chromatography (Yanfang et al., 2006) , RP-HPLC (Xu et al., 2002) , Counter current chromatography, micellar electrokinetic capillary chromatography (Zhao et al., 2002) and densitometric (Srivastava et al., 2004) . Recently Akowuah et al. (2006) , Misra et al. (2009) , Raina et al. (2007) and Vijaykumar et al. (2007) reported HPTLC and HPLC estimation of AP in A. paniculata. Jain et al. (2000) reported the LC analysis of hepatoprotective diterpenoids from A. paniculata. Patel et al. (2008) described about the simultaneous estimation of andrographolide and wedelolactone in herbal formulations. Only very few HPTLC methods were reported for the determination of AP. So, we developed and reported a new simple and sensitive HPTLC method for the determination of AP, the major bioactive diterpenoids in A. paniculata.
Experimental

Materials
A. paniculata was procured from local suppliers and was assessed biologically by the Head, Department of Botany, Dr. H. S. Gour University, Sagar (M.P.), India. Standard andrographolides obtained as gift sample from a local pharmaceutical company. All chemicals and reagents used were of analytical grade.
Isolation and characterization of AP
Leaves of A. paniculata (1.0 kg) were obtained from three different regions viz., Madhya Pradesh variety (MPK), variety of Maharastra (MHK), and Uttar Pradesh (MHA)., were dried, powdered and extracted with methanol by soxhlation. The detailed procedure of extraction is given in Scheme 1. The isolated compound was characterized by spectral analyses. The methanol extracts were re-dissolved in 10 ml of methanol for HPTLC analysis.
Instrumentation and chromatographic conditions
The samples were spotted in the form of bands of 6 mm with Camag microlitre syringe on pre-coated silica gel aluminium plate 60F-254 (20 · 10 cm) with 200 lm thickness (E. Merck, Germany) using a Camag Linomat V (Switzerland) sample applicator. A constant application rate of 150 nl s À1 was employed and space between two bands were 12.3 mm. The slit dimension was kept at 5 mm · 0.45 mm and 20 mm s À1 scanning speed was employed. The composition of mobile phase is chloroform:toluene:methanol (66:26:8, v/v/v). Linear ascending development was carried out in a twin trough glass chamber saturated with mobile phase. The optimized chamber saturation time for the mobile phase was 30 min at room tem- perature (25 ± 2°C). The length of chromatogram run was 80 mm. Then the plate was allowed to dry at room temperature. The separated bands on the HPTLC plates were scanned over the wavelength of 190-400 nm. The maximum absorbance was found at 229 nm.
Calibration curve of AP
Fifty milligrams of standard AP was dissolved in 50 ml of methanol in a volumetric flask. From this stock solution we have taken 1 ml in a 10 ml volumetric flask and adjusted the volume to 10 ml with methanol (100 ng ll À1 ). Then 2 ll, 4 ll, 6 ll, 8 ll, and 10 ll of the standard solution (200-1000 ng) was applied over on pre-coated silica gel 60F 254 TLC plate and developed the plate in the solvent system to a distance of 8 cm. The developed plate was dried in air and scanned at 229 nm. Calibration curve was constructed by plotting peak area vs. concentration.
Method validation
Validation of the present method was done by sensitivity, limit of detection, limit of quantification, accuracy, precision, reproducibility and stability studies.
Sensitivity, limit of detection and limit of quantification
These parameters were calculated from the data set obtained from a linear calibration curve in the range 200-1000 ng (two replicates for each standard). For this purpose, a 10 ll of the corresponding methanolic standard solution was applied in duplicate as bands of 2 mm. Application parameters were the same as above, except for delivery speed, which was changed to 50 nl s À1 in order to obtain an appropriate evaporation. The corresponding slope and regression standard deviation (S Y/X ) values were used to establish sensitivity (S Y/X /b). LOD was calculated with the following equation:
r LOQ was calculated by multiplying the value of LOD with 10.
Accuracy (recovery analysis)
Accuracy of the present method was determined by standard addition technique. Three different concentrations (50, 100 and 150%) of standard were added to a previously analyzed sample, and the analysis was repeated as mentioned above.
Precision
Precision of an analytical method is expressed by S.D. and % R.S.D. of series of measurement. It was ascertained by replicate estimation of the samples by proposed method.
Reproducibility
The similar analysis process was repeated under the same set of condition for three days. The sample and standard solution prepared earlier were used of this study. On HPTLC plate five spots of sample and two spots of standard were applied, the plate was developed, scanned and densitograms were recorded. Same analysis procedure was repeated for the next two days and the concentration of the sample was calculated ( Table 2) .
Stability
Sample solutions of the extracts were prepared and stored at room temperature for 10, 30, 60, 120 and 240 min. and then applied on the chromoplate, after development the chromatogram was evaluated for additional spots.
Analysis of AP in herbal extracts
The powered methanol extract (100 mg) was placed in a conical flask and diluted with methanol, filtered and volume was made up to 100 ml with methanol (1 lg ll À1 ). Sample solution (10 ll) was applied over on a pre-coated silica gel 60 F254 TLC plate of uniform thickness (0.2 mm). Developed the plate in the solvent system and recorded the chromatogram as described previously for the calibration curve and the amount of AP present in the different dried powdered extract was calculated from the calibration curve.
Analysis of AP in pharmaceutical formulations
Polyherbal formulations (20 tablets/capsules, weight of each around 600 mg) were weighed and finely powered. The powdered drug equivalent to 100 mg of A. paniculata in the each formulation was weighed accurately. Each of weighed formulation was extracted with 30 ml of methanol for 10 min in ultrasonic bath. Filter it through Whatmann filter paper, the volume was made upto 50 ml with methanol, and these solutions were used for analysis (2 lg ll À1 ). On HPTLC plate, 10 ll of samples solution were spotted. Then the plate was developed and scanned as the procedure described under calibration curve. The peak area of standard and sample were compared to obtain the concentration of sample.
Results and discussion
Characterization of AP
The structure of AP was identified by comparing their UV, FTIR, NMR and MS spectral data with the literature data (Rao et al., 2004) . Obtained AP is a colourless plate, recrystallized from methanol and its melting point was 238-240°C (uncorrected). The compound showed a strong UV absorption at 229 nm, infrared (IR) bands at 3423 cm À1 (hydroxyl group), 1725 and 1676 cm À1 (a,b-unsaturated-galactone), and 905 cm À1 (exo-methylene).
[M+1] peak at 351 in the EIMS spectrum is corresponding to the molecular formula C 20 H 31 O 5 , of AP.
HPTLC analysis
A mixture of chloroform:toluene:methanol (66:26:8, v/v/v) mobile phase gave a good resolution of the marker (AP) and reproducible peak at R f value of 0.49. (Figs. 2 and 3) . The calibration curve (Fig. 4) for the marker was linear over the range of 200-1000 ng ml À1 . The LOD values of AP by HPTLC was determined by repeated scanning the lowest detectable standard solution, multiplying the standard deviation of the peak area by three and converting from area to concentration. The recovery rates were determined at three different concentrations of the marker to the extracts and analyzed quantitatively in triplicate. Mean recoveries for AP from the extract by HPTLC assay were found 97.8-99.7% and from formulations 96.8-98.5% (Table 1) , which indicates the accuracy of the method. The precision of the HPTLC instrumentation was checked by repeated scanning of the same spots of the markers three times on a same day (intra-day precision) and on three consecutive days (inter-day precision) and the relative standard deviations values were calculated. The results showed acceptable precision with the method as revealed by relative standard deviation data shown in Table 1 . The UV-Vis absorption spectra recorded on the CAMAG TLC scanner at the start, middle and end position of the AP bands was superimposable indicating the purity of the AP peak. The HPTLC procedure was used as fast screening method for the samples collected from different locations. Qualitatively, similar HPTLC fingerprints were obtained for all the extracts from different locations giving reliable indication of the same identity. AP was well separated in the extracts by the HPTLC method and detected in all the samples at R f value of 0.49. Using the techniques of the HPTLC and the UV-Vis spectra, the amount of AP in the methanol extracts were found varying from 2.32 to 2.46% weight of dry powder.
Estimation of andrographolide in herbal extracts
A single spot at R f = 0.49 was observed in the chromatogram of the andrographolide isolated from extract along with other components. There was no interference of the other components present in the extracts. These components appeared in the chromatogram at significantly different R f values (Fig. 5) . The total andrographolide content in herbal extracts MHK-1, UPK-2 and MPK-3 were 2.32%, 2.37% and 2.46% w/w, respectively. 
Estimation of andrographolide in pharmaceutical formulations
A single spot at R f = 0.49 was observed in the chromatogram of the andrographolide extracted from formulations. There was no interference of the other active components and excipients present in the formulations (Fig. 6) . The total andrographolide content in pharmaceutical formulation-1, formulation-2, formulation-3 and formulation-4 were 1.28%, 1.68%, 1.41% and 1.05% w/w, respectively. The percentage recovery from the formulations was 96.8-98.5%. The present HPTLC method for the estimation of andrographolide is accurate, linear, rugged, simple and rapid than the reported methods. In the present method we have used chloroform:toluene:methanol (66:26:8, v/v/v) as mobile which gave better resolution then the reported methods by using toluene:ethylacetate:formic acid (vijaykumar et al., 2007) , chloroform: methanol (Misra et al., 2009) and chloroform: methanol (Raina et al., 2007) as mobile phase.
Conclusion
From the above studies, it can be concluded that HPTLC technique can be successfully used for estimation of andrographolide in plant extracts and polyherbal formulations. Statistical analysis proves that the method is reproducible and selective for the analysis of andrographolide. Further the proposed method can be extended to study the degradation of andrographolide under different stress conditions, as per the ICH guidelines recommendations. 
